Disseminated intravascular coagulation (DIC) is a pathologic condition associated with critical illnesses, including sepsis. Recent studies have suggested that endogenous cytokines and leukocytes are involved in major roles of its pathophysiology. Wereport a case of sepsis-induced DICdue to pneumonia that was associated with diffuse and selective thrombosis in pulmonary arteries, yielding to sudden death from pulmonary massive embolism. This report suggests that the selective and lethal pulmonary thromboembolismprogresses under the standard therapies in sepsisinduced DIC.
Introduction
Disseminated intravascular coagulation (DIC) is characterized by the slow formation of fibrin in the microcirculation and the development of concomitant fibrinolysis. It is always observed secondary to various critical illnesses (1) . DIC was first reported in a case of fatal hemorrhagic diathesis with premature detachment of the placenta (2) , in which it was thought that the pathogenic mechanismwas the exposure of blood to tissue factor (thromboplastin) in the placenta and amnionic fluid, causing systemic microthrombi formation via the extrinsic pathway and resulting in microcirculatory disturbances and organ dysfunction (3, 4) . DIC is also common in patients with various types of infections such as sepsis (5) . However, the infection-induced DIC seems to have different features from that of DIC occurring as an obstetric complication. Recent studies have suggested that infectious agents such as endotoxin, endogenous cytokines and leukocytes are involved in its pathophysiology (6) (7) (8) (9) (10) (11) (12) . Wereport a case of DICwith sepsis due to pneumoniathat lead to sudden death even though standard therapies were certainly effective. The autopsy findings revealed that the cause of death was right pulmonary massive embolism based on the diffuse and selective thrombosis in the pulmonary arteries.
Case Report
A 23-year-old manwas admitted to the hospital in May 1995, because of a 7-day history of low grade fever, a 3-day history of productive cough, and chest pain on the right side without any evidence of respiratory distress. He had no lung disease and had been generally healthy prior to the onset of this illness.
Physical examination disclosed a temperature of 37,0°C, and inspiratory moist crackles in the right lung. No bleeding or palpable lymphadenopathy was found and the results of neurologic examination were normal. There was no varicose vein in extremities.
The chest roentgenogram obtained on the day of admission demonstrated infiltrate and pleural effusion at the right lung base (Fig. 1) . A computed tomographic scan (CT scan) of the chest confirmed these findings and also revealed slight infiltrate at the left lung base. The electrocardiogram (ECG) was normal.
Laboratory findings as shown in Table 1 indicated leukocytosis with eosinophilia, high level of C-reactive protein (CRP), fibrinogen and fibrin degradation products (FDP) and D-dimer, low platelet count, single deficiency of factor V, and Following the institution of aggressive medical treatment with intravenous and oral administration of antibiotics, anticoagulation, and other supportive therapies, the severity of his symptoms diminished, his temperature was reduced to the normal level, and the intensity of inflammation was obviously decreased by hospital day 7. A chest roentgenogram obtained on day 8 showed improvement of the infiltrates and pleural effusion. Furthermore, on day 9, the level ofFDP was decreased to 40 |ig/ml and the platelet count was increased to 48x103/ mm3.During this hospitalization, the patient was generally active and had no dyspnea on either rest or movement, no general fatigue, and no bleeding. On the morning of hospital day 10, the patient suddenly went into cardiopulmonary arrest in the bed. Even though cardiopulmonary resuscitation was performed immediately and me- Figure 2 . Pulmonary massive embolism. The right pulmonary artery was occluded by thrombi in the superior truncus (*), in the middle lobe artery ( +à" ) which was cut during autopsy, and in the basal truncus (*). These findings were absent in the leftlung. With the consent to postmortemexamination of the chest and abdomen, the autopsy revealed embolic occlusion by thrombi in superior truncus, middle lobe artery, and basal truncus of the right pulmonary artery (Fig. 2) . Macroscopically, there was no thrombus in the heart, coronary arteries, and central vein. There was no thrombophlebitis in peripheral veins, especially in the lower extremities. The histological findings included a selective and widespread thrombosis in the pulmonary arteries (Fig.  3A-C) . Furthermore, organization and recanalization in some thrombi and microthrombi were observed (Fig. 3B) . However, there wasno ischemic necrosis of the lung substance within the area of hemorrhage in both lungs. Such areas of thrombosis or hemorrhagewere not observed in any other structure including the kidney, spleen, liver, heart, coronary artery, and aorta.
Myocardial infarction was not detected. The resolution and organization with Masson body of the pneumonia were seen in both lung bases. There was no eosinophilic infiltration in the lungs, myocardium, coronary artery, or other examined organs. Multiple microabscesses in the liver and the infected spleen were observed. There was no other infectious foci except for the resolved pneumonia.
Discussion
DICoccurs most frequently in association with critical illnesses such as sepsis, liver disease, shock, cancer, obstetric complications, and burns. Recently, sepsis has been interpreted as an inflammatory response of the host to infection rather than the direct effect of microbial aggression. The mechanismof sepsis-induced DIC has been actively examined.
According to the clinical course, laboratory and radiographical findings, autopsy, and histological examinations, it was suggested that this patient developed a systemic infection (sepsis) originating in the pneumonia, and DIC, or at least the stage preceding DIC (pre-DIC) (13) . Onthe other hand, liver injury due to sepsis was indicated. However, the participation of liver dysfunction in the induction of DIC was excluded, because of the absence of the prolongation of the APTTand PT, the normal level of the AT-III and coagulation factors (factors VII, IX, and X) which are synthesized in the liver, and normal hepaplastin test. Thus, we considered that this patient already had a sepsis-induced DIC as of the day of admission. The autopsy indicated a massive embolism in the right pulmonary artery, and the histological findings included widespread and selective thrombosis in the bilateral pulmonary arteries. Detailed examinations revealed that organization and recanalization were observed in some thrombi, and suggested that the formation of the oldest thrombi had occurred within about one month, and the latest one within a few days, before his death.
Primary pulmonary hypertension (PPH) was excluded in this case in view of the clinical course and the normal ECG findings without any evidence of right atrial and ventricular enlargement. It is unreasonable to suppose that PPHprogressed rapidly within about one month as a complication. Thrombotic thrombocytopenic purpura (TTP) did not seem to apply in this case, owing to the absence of any of systemic thrombosis, anemia, renal dysfunction, purpura, and neurological signs. Hypereosinophilic syndrome (HES) also did not seem to apply in this case, due to the absence ofeosinophilic infiltration in the affected organs such as the lung, liver, and spleen. Acute cerebral hemorrhage was denied as the cause of death of this patient based on the normal findings of postmortem head CT scan, and acute myocardial infarction was also denied by the normal macro-and microscopic findings of the heart and coronary artery. Therefore, it was concluded that sudden death ensued from right pulmonary massive embolism by thrombi from unknown origin, and that the diffuse and selective thrombosis in the pulmonary arteries had progressed as a complication of the sepsis-induced DIC. At necropsy of patients with DIC, the reported incidence of macroscopic and microscopic pulmonary thromboembolism is 58.6% and 51.7%, respectively (14). However,there is no report concerning diffuse and selective thrombosis in the pulmonary arteries complicated by sepsisinduced DIC. Recent studies have suggested that the endogenous inflammatory mediators released from activated leukocytes in sepsis (1 1, 15-18), are capable of inducing DIC without the influx of tissue factor (15, 19). Moreover, it was suggested that these mediators activate neutrophils and endothelial cells , which may result in the injury of the endothelial cells by the neutrophils in sepsis (12, (20) (21) (22) (23) . Another study demonstrated that the neutrophil activation contributes to respiratory failure and mortality in patients with DIC (24). These observations suggest that the neutrophils activated in sepsis maycause systemic endothelial injury, especially in a pulmonary arterial system. In the present case, increased counts for neutrophils and eosinophils in peripheral blood were observed. It is reasonable to supposethat the neutrophils and eosinophils wereactivated and circulated in this pathologic condition. It is suggested that the DIC in this patient was caused by the excessive inflammatory response to sepsis, and that the selective pulmonary thrombosis was mainly attributed to the activation of neutrophils in sepsis. Fromthe clinical course, it was clear that the treatment was obviously successful in alleviating the underlying infection and coagulation abnormalities. However, it failed to prevent the development of pulmonary thromboembolism. Quezado et al reported that multiple clinical trials of anti-endotoxin-and anticytokine-based therapies for sepsis failed to demonstrate benefit (25).
Therefore, it is suggested that the selective and lethal pulmonary thromboembolismprogresses under the standard therapies and that novel and more effective therapies are necessary to suppress the excessive action of inflammatory cells and mediators and the progression of the pulmonary thromboembolismin Pulmonary Thrombosis in DIC with Sepsis sepsis-induced DIC.
